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DISKACCESSAPPARATUS FOR 
PERFORMING ASTRIDE PROCESSING OF 

DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a parallel computer 
System and more particularly to a Storage device acceSS 
System for performing access to a disk apparatus of a 
computer equipped with a disk apparatus from a computer 
System not equipped with a disk apparatus and to a Storage 
apparatus acceSS System for distributing and Synthesizing 
data, when a disk apparatus is accessed in a parallel com 
puter System comprising computers equipped with disk 
apparatuses and computers not equipped with disk appara 
tuSeS. 

2. Description of the Related Art 
In Science and technology calculations, Such as in graphic 

processing, parallel computer Systems have been widely 
used, and most recently parallel computer Systems compris 
ing more than 1000 computers have been used. 

In a parallel computer System comprising a plurality of or 
many computers (cells), it is inefficient from the view point 
of hardware and resources for all the computers to be 
provided with an external memory Such as a magnetic disk 
apparatus. There are many parallel computer Systems that 
comprise computers equipped with disk apparatuses and 
computers not equipped with disk apparatuses. 

In these computer Systems it has become necessary for the 
computers equipped with disk apparatuses to merge data 
transmitted from the plurality of other computers to Store 
data in their disk apparatuses, and to then divide the data 
read from the disk apparatus into a plurality of data and Send 
them to the plurality of other computers. 

In this case, conventionally, the data transmitted through 
a network from a plurality of computers are Stored once in 
a memory of a local computer, and the data Stored in the 
memory are merged when all the data are received. They are 
then written into the disk apparatus in a Single block. A 
group of data transmitted from the disk apparatus are Stored 
once in the memory, and thereafter read and distributed from 
the memory and transmitted to a plurality of computers 
through a network. 
AS described above, after data are read into the memory 

from the disk apparatus, they are written into the memories 
of respective cells forming a parallel computer System, or 
are transmitted to the network. Therefore, there is a problem 
in that there is overhead in temporarily copying the data 
from the disk apparatus to the memory. The data received 
from the network are temporarily written into the memory 
and thereafter written into the disk apparatus in a group. This 
creates additional Overhead in Synthesizing the data in the 
memory. In particular, where the data are uniformly and 
regularly distributed to be written into memories of a 
plurality of cells or are to be transmitted to many cells 
through the network, the longitudinal lines 1, 2, 3, 4, 5 . . . 
of the image data are Sequentially assigned to a total of nine 
cells, cell 1, cell 2, cell 3, cell 4, cell 5, cell 6, cell 7, cell 8, 
and cell 9, to write the image data into the memories of the 
cells or to transmit the data to the cells through the network. 
In this case, it is necessary to repeat the operation of writing 
the data into the memory of the same cell at predetermined 
intervals (Such as every ninth time) or the operation of 
transmitting the data through the network to the same cell at 
predetermined interval. Therefore, if the data are distributed 
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2 
to respective cells after they are read into a memory of a 
particular cell from its disk apparatus as a group, consider 
able overhead is created. Considerable overhead is also 
created if, conversely, the data are written into the disk 
apparatus as a group after the partial data read from the 
memories of many cells or the partial data received via the 
network are all merged on the memory of the particular cell. 
When the data are transmitted from a computer without a 

disk apparatus, namely, a cell without a disk, to a computer 
with a disk apparatus, namely, a cell with a disk, or data in 
a computer with disk apparatus are accessed by a computer 
without the disk apparatus So that the data are read 
therefrom, conventionally the computer without a disk 
issues a disk access request to a file Server of the cell with 
the disk, and the file Server accesses the disk and sends a 
response to the cell without the disk, or returns the data to 
the cell without the disk. 
Where a cell without a disk accesses the disk apparatus of 

a cell with a disk, the file Server operates on the Side of the 
cell with a disk, thus delaying the execution of the user task 
of the cell with the disk. When the cell with the disk executes 
a user task with high priority, the user task issuing the disk 
acceSS request on the Side of the cell without the disk is kept 
waiting longer than necessary. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a 
Storage apparatus acceSS System capable of decreasing the 
time required to merge or distribute data and to decrease the 
overhead, where the data that is transmitted from a plurality 
of other computers are written into the disk apparatus, or 
conversely, a group of data read from the disk apparatus are 
divided and then transmitted to a plurality of computers 
through a network. 
A Second object of the present invention is to provide a 

Storage apparatus access System capable of accessing a disk 
independently from an operation of Software resources on a 
cell with a disk and capable of decreasing the time required 
for a disk acceSS operation, when a cell without a disk 
accesses the disk apparatus of a cell with a disk through the 
network of a parallel computer System. 
A feature of the present invention resides in a storage 

apparatus acceSS System for use in a parallel computer, for 
connecting a plurality of computers to each other through a 
network. Each of the computers comprises a first data 
Storage unit for Storing Stride process object data which is an 
object of a data distribution or data merging operation, a 
Stride data Storing position Storage unit for Storing the data 
Storing position in the first data Storing unit or a pointer 
designating a header of a packet of the object data trans 
mitted from another data Storage unit, a Second data Storage 
unit for Storing the Stride object data, a Stride data Storing 
destination Storage unit for Storing a data Storing position in 
the Second data Storage unit or a pointer designating a header 
of a packet to be transmitted to another computer when 
Stride object data is included in the packet, a partial data Size 
Storage unit for Storing a size of the partial data which is an 
object of the distribution or merging operation, and a Stride 
processing unit for Storing the Stride proceSS object data 
designated by the Storing content in the Stride data Storing 
position Storage unit in accordance with the content Stored in 
the Stride data Storing destination Storage unit in a merging 
or distributing manner in response to a data read or write 
command by using the data Size Stored in the partial data Size 
Storage unit. 

BRIEF DESCRIPTION OF THE DRAWING 

One skilled in the art can easily understand the additional 
features and objects of this invention from the description of 
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the preferred embodiments and Some of the attached draw 
ings. In the drawings: 

FIG. 1 shows a block diagram of a principle of the first 
embodiment; 

FIG. 2 shows a block diagram of the second embodiment; 
FIG. 3 shows a block diagram designating an entire 

Structure of a parallel computer System in the first embodi 
ment, 

FIG. 4 shows a block diagram designating a structure of 
a cell with disk and a cell without disk; 

FIG. 5 shows a flow chart of a distribution of a process of 
the data Stored in the disk apparatus, 

FIG. 6 shows an explanatory view of an operation of 
Storing the distribution data into the memory, the operation 
being shown in FIG. 5; 

FIG. 7 shows a view of explaining an operation of 
transmitting the distribution data to a network, the operation 
being shown in FIG. 5; 

FIG. 8 shows a view of explaining an operation of Storing 
the distribution data into the memory and transmitting the 
distribution data to the network, the operation being shown 
in FIG. 5; 

FIG. 9 shows a flow chart of synthesizing the data to be 
Stored in the disk after completing the distribution data as a 
grOup, 

FIG. 10 shows a view of explaining an operation of 
Storing the distribution data in the memory into the disk 
apparatus, the operation being shown in FIG. 9; 

FIG. 11 shows a view of explaining an operation of 
storing the distribution data transmitted from the network 
into the disk apparatus, the operation being shown in FIG. 9; 

FIG. 12 shows a flow chart of synthesizing the data by 
Writing the data Stored in the disk apparatus in a distributed 
manner as a group or by transferring the data Stored in the 
disk in a distributed manner to the network as a group; 

FIG. 13 shows a view of explaining an operation of 
Storing the data into the memory, the operation shown in 
FIG. 12; 

FIG. 14 shows a view of explaining an operation of 
transmitting the data shown in FIG. 12 into the network; 

FIG. 15 shows a flow chart of the distribution process of 
Storing the grouped data into the disk in a distributed 
manner, 

FIG. 16 shows an explanatory view of storing the data 
outputted from the memory, the operation being shown in 
FIG. 15; 

FIG. 17 shows a view of explaining an operation of 
Storing the data transmitted from the network into the disk 
apparatus, the operation being shown in FIG. 15, 

FIG. 18 shows a view of explaining an operation when the 
grouped data is Stored in three areas of the disk apparatus in 
a distributed manner; 

FIG. 19 shows a block diagram of an entire structure of 
the parallel computer System according to the Second 
embodiment; 

FIG. 20 shows a block diagram designating a structure of 
a cell with disk according to the Second embodiment; 

FIG. 21 shows a view (Part 1) of a summary of the disk 
access method according to the Second embodiment; 
FIG.22 shows a view (Part 2) of a summary of the disk 

access method according to the Second embodiment; 
FIG. 23 shows a view (Part 3) of a summary of the disk 

access method according to the Second embodiment; 
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4 
FIG. 24 shows a view of explaining a summary of 

operation of a disk access Structure; 
FIG. 25 shows a flow chart of a process of disk access 

request issued by the user; 
FIG. 26 shows a view of explaining the data set in a 

register in a local cell; 
FIG. 27 shows a view (Part 1) of explaining the packet 

format of the data I/O message; 
FIG. 28 shows a view (Part 2) of explaining the packet 

format of the data I/O message; 
FIG. 29 shows a block diagram designating a detail 

Structure of a disk acceSS Structure; and 
FIG. 30 shows a flow chart designating an operation of the 

5 word decoder provided in a routing controller; 
FIG. 31 shows a block diagram designating the detailed 

structure of the DMA with stride processing unit 87 shown 
in FIG. 29; 

FIG. 32 shows a flow chart of a stride process for dividing 
Serial data Stored in the disk apparatus and for transmitting 
a plurality of cells through the network; 
FIG.33 shows a view for explaining a memory area to be 

assigned by controller 87b in step S64; and 
FIG.34 shows an area for storing the data provided in the 

receive ring buffer in which the data transmitted from a 
plurality of cells through the network is merged and Stored 
in the disk apparatus in accordance with the Stride process. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates the principle of the first embodiment 
provided to achieve the first object of the present invention. 
In FIG. 1, in a parallel computer system in which a plurality 
of computers are interconnected through a network, a Stride 
process operation is effectively carried out to merge or 
distribute the data input to or output from a memory appa 
ratus Such as a disk apparatus. 

In FIG. 1, Stride data Storage position Storage unit 1 Stores 
a data Storage position within a first data Storage apparatus 
(not shown) in which the Stride processing object data to be 
distributed or merged is Stored, and also Stores a pointer 
pointing to the header of a packet which is transmitted from 
the other computer and which includes the Stride processing 
object data. 

Stride data Storage destination Storage unit 2 Stores a data 
Storage position in a second data storage apparatus (not 
shown) in which the Stride processing object data are to be 
Stored, and also Stores a pointer designating the header of a 
packet which is transmitted to the other computer and which 
includes the Stride processing object data. Partial data Size 
Storage unit 3 Stores the size of the partial data to be 
distributed or merged. 

Stride processing unit 4 performs Stride processing to 
Store the Stride process object data whose Storage position is 
designated by the Stored content of the Stride data Storage 
position Storage unit 1 in accordance with a read command 
or write command of the data using the data Size Stored in 
partial data Size Storage unit 3 in accordance with the Stored 
content in the Stride data Storage destination Storing unit 2. 
AS shown in FIG. 1, the Stride data Storing position 

Storage unit 1 Stores the Storage position of a group of data 
within the disk apparatus constituting the first data Storage 
apparatus. Stride data Storage destination Storage unit 2 
Stores a plurality of pointers, designating the headers of the 
plurality of packets to be transmitted to the other computers 
after the Stride processing object data are divided. 
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Partial data Size Storing unit 3 Stores the size of the partial 
data of the distribution object to be included in the respective 
packets. Stride processing unit 4 distributes the group of data 
Stored in the disk apparatus and Stores them in the packets 
designated by the pointerS Stored in Stride data Storage 
destination Storage unit 2 in response to a data read com 
mand. Therefore, it becomes possible to directly store the 
data by distributing the group of data Stored in the disk 
apparatus into a plurality of packets to be sent to the other 
computers, thereby eliminating the necessity of distributing 
the data after they are once Stored in the memory in the local 
computer, as in the prior art. 

In the first embodiment for achieving the first object of the 
present invention, the first data Storage apparatus comprises 
a disk apparatus or a memory within the local computer. The 
Second data Storage apparatus comprises a memory when the 
first data Storing apparatus comprises a disk apparatus, and 
a disk apparatus when the first data Storing apparatus com 
prises a memory. The data input and output operation 
between the disk apparatus and the memory, or between the 
disk apparatus and the packet to be transmitted to or received 
from the other computerS is performed in response to a data 
read command or a data write command. As a result of the 
data input and output operation, the Stride processing com 
prising a data distribution or data Synthesizing operation is 
performed. An embodiment of the Stride operation as used in 
the first embodiment can be provided in various forms as 
described later. 

FIG. 2 shows a block diagram of the second invention for 
achieving the Second object. AS shown in FIG. 2, in a 
parallel computer System in which a computer with a disk 
apparatus is connected to a computer without a disk appa 
ratus through a network, the computer without the disk 
apparatus accesses the disk apparatus of the computer with 
the disk apparatus. 

The disk access unit 13 is provided in at least one 
computer 11 having a disk apparatus 10, namely, a cell 11 
with a disk. The disk acceSS unit 13 carries out data transfer 
between the computer 12 without the disk apparatus and the 
disk apparatus 10 provided in the local computer without 
using the Software resources of the local computer, in 
response to a receipt of a data transfer request/ 
communication message transmitted through the network 
from the computer 12 without disk apparatus to the com 
puter 11 with disk apparatus (which is the local computer). 
When the data are read from the disk apparatus 10 from 

the cell without a disk 12 in the second embodiment, whose 
principle is shown in FIG. 2, the data transfer request 
message is transmitted to computer 11 with disk apparatus 
10 through the network. The computer 11 writes the disk 
apparatus uses a hardware Such as a disk acceSS unit 13 to 
independently carry out the disk access to read the desig 
nated data from the disk apparatus 10) without using the 
Software resources of the local computer 11, and transmits 
the responses to the above data transfer request message to 
the computer 12 without the disk. Therefore, the disk access 
operation is carried out without affecting the process of the 
user task operating on the Side of the computer 11 with the 
disk apparatus. 

The efficiency of the Storage apparatus access, Such as 
disk acceSS in a parallel computer System, is increased. The 
process of data distribution and Synthesization can be con 
ducted at high Speed between the disk apparatus and 
memory between two cells in the network. The cell without 
disk accesses the disk apparatus of the cell with disk, and 
independent disk acceSS is made possible without delaying 
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execution of the task operating of the cell with disk and by 
using the Software resources on the Side of the cell with disk, 
thereby contributing to the Speed of the disk acceSS process 
in a parallel computer System. 
The first embodiment for realizing the first object of the 

present invention, namely, the data Stride processing for 
reading a group of data from the disk apparatus and distrib 
uting them for transmission to the other plurality of 
computers, is described in more detail. FIG. 3 is a block 
diagram showing the overall configuration of a parallel 
computer System used in the first embodiment. 
The host computer 41 controls the whole system. Cells 

20a to 20p are equipped with disk apparatuses. Cells 30a to 
30p are not connected to a disk apparatus. The cells 20a to 
30p perform parallel computer processing. Respective cells 
are provided with server stride structure 42. 

Server Stride Structure 42 performs data input and output 
operations and comprises a Stride control 43 and a register 
group 44. 

Stride structure 42 divides or merges the data of the disk 
apparatus to write them into the memory directly, to transmit 
them to the network directly, or to merge or divide the data 
stored in the memory or received from the network to write 
them into the disk apparatus directly, in response to the 
issuance of read/write commands, and in accordance with 
the contents Set in control register group 44. 

Control register group 44 comprises register 44.a for 
Storing a pointer 0 designating the head of the merged data; 
pointer register group 44b designating the memory area for 
Storing the partial data and the packet header; Size register 
group 44c for Setting the Size of the partial data in response 
to the content of the pointer register group 44b, State register 
44d for storing the distribution information as to which is 
designated by the pointer register group 44b or pointer 0 
register 44a, disk apparatuses, memories, the network, and 
counter register 44e, in which the total number of bytes of 
merged data is Set. 
The first embodiment provides a first example of opera 

tion. AS the first example, in response to an issuance of a 
read command for reading the data from the disk apparatus, 
the stride structure 42 obtains the partial data of the size 
determined by the size register group 44c from the head of 
the data of the group of the disk apparatus designated by the 
pointer 0 register 44a and directly writes it into the memory 
regions designated by the pointer register group 44b for 
forming a packet in which the partial data are added to the 
header designated by the pointer register group 44b to 
directly transmit them to the network to distribute them. This 
operation is repeated until the process for a group of data is 
completed. 
AS the Second example, in response to an issuance of a 

read command for reading the data from the disk apparatus, 
the stride structure 42 obtains the partial data of the size 
determined by the size register group 44c from the head of 
the data of the group of the disk apparatus designated by the 
pointer 0 register 44a and directly writes them into the 
memory regions designated by the pointer register group 
44b for forming a packet in which the partial data are added 
to the header designated by the pointer register group 44b to 
directly transmit them to the network to distribute them. This 
operation is repeated until the process for a group of data is 
completed. 
AS the third example, in response to an issuance of a read 

command for reading the data from the disk apparatus, the 
Stride Structure 42 obtains the partial data of the size 
determined by the size register group 44c from the head of 
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the data of the group of the disk apparatus designated by the 
pointer 0 register 44a and directly writes them into the 
memory regions designated by the pointer register group 
44b for forming a packet in which the partial data are added 
to the header designated by the pointer register group 44b to 
directly transmit them to the network to distribute them. This 
operation is repeated until the process for a group of data is 
completed. 
AS the fourth example, in response to an issuance of a read 

command for reading the data from the disk apparatus, the 
Stride Structure 42 obtains the partial data of the size 
determined by the size register group 44c from the head of 
the data of the group of the disk apparatus designated by the 
pointer 0 register 44a and directly writes them into the 
memory regions designated by the pointer register group 
44b for forming a packet in which the partial data are added 
to the header designated by the pointer register group 44b to 
directly transmit them to the network to distribute them. This 
operation is repeated until the process for a group of data is 
completed. 

The state register 44d is provided for storing the distri 
bution data designating which among the disk apparatus, 
memory or header is designated by the pointer register group 
44b and pointer 0 register 44a. Stride control 43 carries out 
one of the above processes by referring to State register 44d 
in response to the issuance of the read command or write 
command. 

The pointer 0 register 44.a for designating the head of the 
merged data in the disk apparatus memory or the network, 
pointer register group 44b for designating the distribution 
destination, and Size register group 44c for determining the 
Size of the partial data are provided. Based on the Settings of 
these registers, the data are directly merged or directly 
distributed between the disk apparatus and the network, for 
example, thereby decreasing the overhead caused by the 
conventional distribution and Synthesizing operation per 
formed on the memory and increasing the processing Speed. 

FIG. 4 shows a block diagram of the detailed structure of 
cell 20 with disk according to the first embodiment. Cell 20 
represents one of the cells 20a through 20p shown in FIG. 
3, namely, a cell to which a disk apparatus is connected. Cell 
20 comprises central processing unit (CPU) 40, stride struc 
ture 42, memory 46, driver 47 for use in transmitting a 
packet through a network and SPC 48 operating as a disk 
interface. SPC 48 comprises a small computer system inter 
face (SCSI) protocol controller. 

Stride structure 42 comprises stride DMA processing unit 
45 for performing DMA operations in addition to the above 
recited Stride controller 43 and control register group 44. 
Stride controller 43 comprises a logic circuit for realizing 
the logic expressed by the flow chart shown after FIG. 5. The 
stride controller 43 performs control such that, by referring 
to the content of control register group 44, stride DMA 
processing unit 45 divides and develops a group of data onto 
a plurality of areas of memory 46 and the header is attached 
to the divided data to start driver 47 and the packet is 
transmitted to the network in accordance with the operation 
of stride controller 43. 

File server task 46a is stored in memory 46 as a system 
task. File server task 46a serves such that stride structure 42 
operates as a driver for realizing a complex access to the disk 
or to the network driver. More concretely, file server 46a 
interprets the request given by the user and converts the 
request into a low level command to provide the command 
to stride structure 42. Stride structure 42 accesses disk 49 in 
accordance with the designated parameters and transmits the 
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data to memory 46 or to the network. At this time, stride 
DMA processing unit 45 accesses SPC 48 as the interface 
and obtains the data. 

Read timing and write timing will be explained in detail 
with regard to the grouped data in the disk apparatus and the 
partial data distributed into the memory and the network 
using the structure shown in FIGS. 3 and 4 by referring to 
FIGS. 5 to 11. 

FIG. 5 shows a flow chart of distribution processing of 
grouped data within the disk apparatus. 
At S1, the read request is received. At this time, the 

following parameters are defined. 
File name: A 
Distribution data 

State 
The stride to the memory or network 
Number of effective pointers counted from the head 
The destination of respective pointers 

The data Size for one transmission: S1, S2 . . . 
Counter (the total number of bytes) 

The file name “A” represents the name of the file within 
the disk apparatus which is the object of the read 
operation. 

“Stride to the memory or the network” in “state” in 
“distribution data” represents whether the data (file A) 
read from the disk apparatus is written into the memory 
or transmitted to the network after it is divided. 

“Number of effective pointers from the head” in “state' 
represents the number of effective pointers in the 
pointer 0 register 44a and pointer register group 44b. 

“The destination of respective pointers” in “state” repre 
Sents which of the disk apparatus, memory or network 
is designated by the pointer 0 register 44a and pointer 
register group 44b. 

“The data size for one transmission timing” in “distribu 
tion information” represents the data Size for one 
transmission timing, which is obtained by dividing the 
merged data, and determines the data size for the 
pointer number within the pointer register group 44b 
and provides it to the size register group 44c. 

“Counter (the total number of bytes)” of the distribution 
information represents the total number of bytes of 
merged data. 

At Step S1, file Server task 46a Sets control register group 
44 and starts stride structure 42. The role of file server task 
46a is completed when file server task 46a performs the 
initial Setting of the parameter for the Stride Structure to the 
hardware. 
At S2, the number of bytes designated by the data size is 

obtained from the disk apparatus. “The data Size for one 
transmission timing” (the data size provided in the size 
register group 44c) is obtained from the head (the region 
designated by the point register 44a) of file A of the disk 
apparatus which received the read request. 

In step S2, SPC48 shown in FIG. 4 reads the designated 
data from disk apparatus 49 to provide the data to stride 
DMA processing unit 45, or writes the data transferred from 
stride DMA processing unit 45 into the area designated by 
disk apparatus 49. 
At S3, it is determined whether the destination at which 

the distributed data are Stored is the memory, by referring to 
State register 44d. 

If the answer is YES, it is determined that the distributed 
data are written into the memory and at S4, the partial data 
obtained at Step S2 are written into the memory address 



5,875,299 
9 

designated by the pointer register group 44b. If the answer 
is NO, it is determined that the data are transmitted to the 
network. At S5, the header designated by the pointer register 
group 44b is added to the partial data to form a packet So that 
the packet is transmitted to the network. AS described above, 
the header may be added to the respective partial data to 
form a packet So that the packet is transmitted to the 
network. Alternatively, one header may be added to a 
plurality of partial data to form one packet So that the packet 
is transmitted to the network. 
At S6, it is determined whether the process is completed 

(the total number of bytes provided in the counter register 
44e is freely obtained). If the answer is YES, all the data are 
divided to be written in the memory or to be transmitted to 
the network in the form of a packet, thereby completing a 
Series of processes. If the answer is NO, the proceSS is 
returned to Step S2, then the operation of writing the partial 
data into the memory or transmitting it to the network is 
performed repeatedly. 
AS described above, in response to the data read request 

from the disk apparatus, it is repeated that the data desig 
nated by the disk apparatus is divided into the designated 
Size and written into the designated memory, or that the data 
designated by the disk apparatus is provided with the 
designated header to form a packet So that the packet is 
transmitted to the network, thereby enabling the data to be 
distributed. The following explanation will be made refer 
ring to FIGS. 6 and 7 to explain a more complete example. 
The pointers 0, 1, and 2 used in the following explanations 
are as follows: 

Pointer 0 represents the content of the pointer 0 register 
44a. 

Pointers 1 and 2 respectively represent the content of the 
pointer 1 register and the pointer 2 register formed by 
the pointer register group 44b. 

The State represents the content of State register 44d. 
The counter represents the content (the total number of 

bytes) of counter register 44e. 
FIG. 6 is a view for explaining the operation of Storing the 

distributed data in the memory, as shown in FIG. 5. This 
operation corresponds to the issuance of the read command 
and leads to the operation of dividing the data in the disk 
apparatus and of directly writing the divided data into a 
plurality of memory regions in an interleaved manner. AS 
shown in the drawing: 

State 
The stride to the memory 
The effective pointer: 3 
Disk apparatus, memory, memory 

Data Size: S1, S2 
Counter: Send 

That is, the designation of “the stride to the memory” in 
“state' clarifies that the destination to which the data in 
the disk apparatus should be distributed is the memory. 

The designation by “effective pointer: 3” in “state” clari 
fies that the three registers from the head, that is, the 
pointer 0 register, pointer 1 register, and pointer 2 
register in FIG. 3, are used. 

The designation of “disk apparatus, memory, memory” in 
“state” clarifies that the pointer 0 register, pointer 1 
register and pointer 2 register respectively designate the 
disk apparatus, the memory and the memory. 

The designation of the data sizes “s1, S2’ clarifies that the 
data sizes S1 and S2 are respectively obtained from the 
region of the disk apparatus designated by the pointer 0 
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10 
register and are written into the memory designated by the 
pointer 1 and pointer 2 registers. "Send” in the counter 
shows a predetermined constant value. 
When the process corresponding to an issuance of a read 

command is performed in accordance with the State, the data 
size, and the data of the counters, the data are written into the 
memory in the respective distributed manner as shown in the 
drawing. 

First time: The partial data 1 of data size S1 are obtained 
from the region of the disk apparatus designated by the 
pointer 0 register, and is written into the memory designated 
by the pointer 1 register. 

Second time: The partial data 2 of data Size S2 are 
obtained from the region following the disk apparatus des 
ignated by the pointer 0 register, and is written into the 
memory designated by the pointer 2 register. 

Third time: The partial data 3 of data size S1 are obtained 
from the region following the disk apparatus designated by 
the pointer 0 registers, and is written into the memory part 
following the memory designated by the pointer 1 register. 

Fourth time: The partial data 4 of data size S2 are obtained 
from the region following the disk apparatus designated by 
the pointer 0, and are written into the memory portion 
following the memory designated by the pointer 2 register. 

Fifth time and thereafter: The operations of the third and 
fourth times are repeated until the total number of bytes of 
data read from the disk apparatus reaches the counter 
“Send'. 
AS described above, it becomes possible to obtain the data 

from the disk apparatus by dividing them and directly 
Writing the divided data into regions of the memory, thereby 
distributing the data. 

FIG. 7 shows the operation of transmitting the distributed 
data to the network as shown in FIG. 5. In response to an 
issuance of the read command, the data within the disk 
apparatus are divided and directly transmitted to a plurality 
of destinations within the network. 

State 
The stride to the network 
The effective pointer: 3 
Disk apparatus, network, network 

Data Size: S1, S2 
Counter: Send 
Designation of the "disk apparatus, network, network” in 

“state” clarifies that the pointer 0 register, pointer 1 
register, and pointer 2 register respectively designate 
the disk apparatus, network, and network. 

When an operation is performed in response to an issu 
ance of a read command in accordance with the above 
recited “state”, “data size' and “data of the counter', the data 
are transmitted to a different destination of the network, as 
shown in the drawing. 

First time: The partial data 1 of data size S1 are obtained 
from the disk apparatus designated by the pointer 0 register 
and is provided with the header 0 designated by the pointer 
1 to form a packet So that the packet is transmitted to the 
network. 

Second time: The partial data 2 of data Size S2 are 
obtained from the region following the disk apparatus des 
ignated by the pointer 0 register and provided with header 1 
designated by the pointer 2 to form a packet So that the 
packet is transmitted to the network. 

Third time: The partial data 3 of data size S1 are obtained 
from the region following the disk apparatus designated by 
the pointer 0 and are provided with the header 0 designated 
by the pointer 1 to form a packet So that the packet is 
transmitted to the network. 
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Fourth time: The partial data 4 of data size S2 is obtained 
from the region following the disk apparatus designated by 
the pointer 0 and is provided with the header 1 designated by 
the pointer 2 to form a packet So that the packet is trans 
mitted to the network. 

Fifth time and thereafter: The operations of the third and 
fourth times are repeated until the total number of bytes of 
data read from the disk reaches the counter “Send'. 
AS described above, the data from the disk apparatus are 

divided and provided with the header 0 pointer and header 
1 to form a packet, and then the packet is directly transmitted 
to the network, thereby enabling the data to be distributed. 
The header may be added to each of the partial data to form 
a packet So that the packet is transmitted to the network. 
Alternatively, as shown in FIG. 7, partial data for a plurality 
of operations may be provided as a group with one header 
to form a packet So that the packet is transmitted to the 
network. 

FIG. 8 shows an operation of storing the distributed data 
in the memory and of transmitting the distributed data to the 
network. In response to a read command issuance, the data 
in the disk apparatus are divided and are directly written into 
the memory So that the data are transmitted to the network. 

State 
The stride to memory or network 
The effective pointer: 4 
Disk apparatus, memory, network, memory 
Data Size: S1, S2, S3 

Counter: Send 
This is different from FIG. 6 in the following points. 

The designation of “disk apparatus, memory, network, 
and memory” in “state' clarifies that the pointer 0 
register, pointer 1 register, pointer 2 register, and 
pointer 3 register respectively designate disk apparatus, 
memory, network and memory. 

When a proceSS is performed in response to an issuance 
of the read command in accordance with the above recited 
State, data size, and counter, the data may be written into the 
memory or transmitted to the network, thereby being 
distributed, as shown in the drawings. 

First time: The partial data of data size S1 are obtained 
from the region of the disk apparatus designated by the 
pointer 0 and is written into the memory designated by 
pointer 1. 

Second time: The partial data of data size S2 are read from 
the region following the region of the disk apparatus des 
ignated by the pointer 0 and is transmitted to the network 
with the header 0 attached thereto. 

Third time: The partial data of data size S3 are read from 
the region following the region of the data Size S2 in the disk 
apparatus and is written into the memory area designated by 
pointer 3. 

Fourth time: The partial data of data size S4 are read from 
the region following the region of the data size S3 in disk 
apparatus and is written into the memory area designated by 
pointer 1. 

Fifth time: The partial data of data size S5 are read from 
the region following the region of the data Size 4 in the disk 
apparatus and is transmitted to the network with the header 
0 attached thereto. 

Sixth time: The partial data of data size S6 are read from 
the region following the region of the data Size S5 in the disk 
apparatus and is written into the memory area following the 
memory area designated by pointer 3. 

Seventh time and thereafter: The operation of the fourth 
through Sixth times are repeated until the total number of 
bytes reaches the counter “Send”. 
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AS described above, it is repeated to directly write the data 

by obtaining the data from the disk apparatus in a divided 
manner and to directly transmit the packet with header 0 to 
the network, thereby enabling the distribution of the data. 
The packet prepared by adding the header 0 to the respective 
partial data may be transmitted to the network. The packet 
prepared by adding the header 0 to a plurality of partial data 
may be transmitted to the network. 

FIG. 9 shows a flow chart of the data synthesizing process 
for Storing the data to be distributed in the disk apparatus as 
a grOup. 

In FIG. 9, step S11 receives a write request. At this time 
the following items are Set as parameters. 

File name: A 
Distributed information 

State 
The stride from a memory or network 
The number of effective pointers counted from the 

head 
Destination designated by respective pointers 

One time transmission data Size: S1, S2 . . . 
Counter (the number of the total bytes) 

This is similar to the parameters at the time of read shown 
in FIG. 5. As “read time” has been changed to “write time”, 
the meaning of the parameter is now defined as follows; for 
points other than those recited below it is the same as shown 
in FIG. 5. “The stride from a memory or a network” in 

“state' in the distribution information indicates that the 
partial data read from the memory or the partial data 
received from the network to be merged is written into the 
disk apparatus. 

Step S12 determines whether the write request comes 
from the memory, by referring to the State register 44d. In 
the case of YES, it is determined that the write request 
comes from the memory. Therefore, at step S13, the partial 
data from the memory address designated by the pointer 
register group 44b are obtained and are written into the disk 
apparatus. On the other hand, in the case of NO, it is 
determined that the write request comes from the network. 
At Step S14, the partial data from the packet are obtained and 
are written into the disk apparatus. 

Step S15 determines completion of the process. (i.e., 
whether the process of obtaining the total numbers of the 
bytes Set in counter register 44e is completed). In the case of 
YES, all the partial data are written into the disk apparatus 
and the Series of Sub-processes are completed. In the case of 
NO, the process returns to the step S12 and the following 
partial data are written into the disk apparatus, and this 
process is repeated in a loop. 
As described above, it becomes possible to obtain the 

partial data with predetermined size from the memory or 
from the network, and to Sequentially write the partial data 
in the designated area in the disk apparatus to be merged. A 
concrete example of the present invention is explained by 
referring to FIGS. 10 and 11. 

FIG. 10 shows the operation of storing the distribution 
data in the memory into the disk apparatus as shown in FIG. 
9. This Storage process corresponds to an issuance of a write 
command and Sequential and direct writing of the partial 
data read from two memory regions into the disk apparatus 
so that the partial data are merged. As shown in FIG. 10: 

State 
The stride from a memory 
The effective pointer: 3 
Disk apparatus, memory, memory 

Data Size: S1, S2 
Counter: Send 
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The parameter is Set as described above and is similar to 
the parameters shown in FIG. 6. This parameter is for use in 
Writing time. 

The partial data from the memory are merged by a 
designation of “the stride from a memory” in “state'. 
When the process corresponding to a write command 

issuance is performed in accordance with the State, data Size 
and the counter data, the partial data are directly written into 
the disk apparatus to be merged as shown in the drawing. 
More concretely: 

First time: The partial data 1 with the data size S1 are 
obtained from the memory designated by the pointer 1, and 
the partial data 1 are written in the region of the disk 
apparatus designated by pointer 0. 

Second time: The partial data 2 with the data size S2 are 
obtained from the memory designated by the pointer 2, and 
the partial data 2 are written in the following region in the 
disk apparatus designated by the pointer 0. 

Third time: The partial data 3 with the data size S1 are 
obtained from the following region in the memory desig 
nated by the pointer 1, and the partial data are written in the 
following region of the disk apparatus designated by the 
pointer 0. 

Fourth time: The partial data 4 with the data size S2 are 
obtained from the following region in the memory desig 
nated by the pointer 2, and the partial data are written in the 
following region of the disk apparatus designated by the 
pointer 0. 

Fifth time and thereafter: The above third and fourth time 
processes are repeated until the total number of bytes 
counted reaches the counter “Send'. 
AS described above, the partial data of two regions in the 

memory can be sequentially obtained and alternatively and 
directly written into the disk apparatus So that the partial data 
are merged. 

FIG. 11 shows the process of storing the distributed data 
transmitted from the network shown in FIG. 9. This process 
corresponds to the issuance of a write command and the 
partial data obtained from two packets having different 
headers is received from the network into the disk apparatus 
So that the partial data are merged into completed data. AS 
shown in FIG. 11, the parameters are set as follows. 

State 
The stride from a network 
Effective pointer: 3 
Disk apparatus, network, network 

Data Size: S1, S2 
Counter: Send 

“Disk apparatus, network, network' parameter in "State' is 
substantially different from the parameter shown in FIG. 10 
and will be explained hereinafter. 

It is clarified by the designation of “disk apparatus, 
network, network” in “state” that pointer 0 register, pointer 
1 register and pointer 2 register respectively designate the 
disk apparatus, network and network. 
When the proceSS corresponding to write command issu 

ance is performed in accordance with the above-described 
State, the data Size and the data of the counter and then the 
partial data from the network can be directly written into the 
disk apparatus as shown in the drawing So that they are 
merged. More concretely: 

First time: The partial data 1 with data size S1 are received 
from the received packet when the information of 
header 0 designated by pointer 1 accords with the 
header of the packet received from the network, and the 
partial data 1 are written in the region designated by 
pointer 0 in the disk apparatus. 
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Second time: The partial data 2 with data size S2 are 

obtained from the received packet when the informa 
tion of header 1 designated by the pointer 2 accords 
with the header of the packet received from the 
network, and the partial data 2 are written in the 
following region designated by the pointer 0 in the disk 
apparatuS. 

Third time: The partial data 3 with data size S1 are 
obtained from the received packet when the informa 
tion of header 0 designated by the pointer 1 accords 
with the header of the packet received from the 
network, and the partial data 3 are written in the 
following region designated by the pointer 0 in the disk 
apparatuS. 

Fourth time: The partial data 4 with data size S2 are 
obtained from the received packet when the informa 
tion of header 1 designated by the pointer 2 accords 
with the header of the packet received from the 
network, and the partial data 4 are written in the 
following region designated by the pointer 0 in the disk 
apparatuS. 

Fifth time and thereafter: The process repeats the third 
time and fourth time processes until the count number 
of total bytes reaches the number “Send'. 

AS described above, a packet whose header is matched is 
obtained from the network and the partial data are obtained 
from the packet and are alternatively and directly written 
into the disk apparatus So that it is merged. 

Next, by referring to FIGS. 12 to FIG. 18, with the 
configuration shown in FIGS. 3 and 4, an operation at a data 
read and at a data write between the merged data in the 
memory or in the network and the partial data distributed in 
the disk apparatus is explained in more detail. 

FIG. 12 shows a flow chart of synthesizing the distributed 
data within the disk apparatus to write the merged data into 
the memory or to transmit the merged data to the network. 

In FIG. 12, at Step S21, the read request is accepted. At 
this time the following parameters are Set. 

File name: A 
Distributed information 

State 
The stride to a memory or to a network 
The number of effective pointers counted from the 

head 
The destination designated by respective pointers 

One time data size: S1, S2 . . . 
Counter (the total number of bytes) 

“A” of the file name presents the file name of the disk 
apparatus which is the Subject of a read operation. 
“The stride into a memory or a network” in “state” in the 

distribution information indicates whether the partial data 
read from the disk apparatus are written into the memory or 
are transmitted to the network So that they are merged. 
“The number of effective pointers counted from the head” 

in “state' in “distribution information' indicates the effec 
tive number of pointer 0 register 44a and pointer registers 
group 44b. 

“The destination designated by respective pointers' in 
“state' in “distribution information' indicates the destina 
tion designated by pointer 0 register 44a and pointer register 
group 44b. The pointer register group 44b represents a 
region within the disk apparatus. 

“Data size of first time” in the distribution information 
indicates the data size of first time of the divided data for 
preparing the merged data and Sets the respective data sizes 
for the numbers of the pointers within the pointer register 
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group 44b, and “the data size of first time” is set in the size 
register group 44c. 

“Counter (the number of total bytes)” in the distribution 
information represents the number of total bytes of the 
merged data. 
At Step S22, the partial data with the data Size is obtained 

from the address designated by the pointer register group 
44b of the disk apparatus. 

Step S23 determines by referring to the state register 44d 
the destination in which the merged data are Stored as the 
memory. In the case of YES, it is clarified that the merged 
data are written into the memory and, at Step S24, the partial 
data obtained at Step S22 are written into the memory 
address designated by the pointer 0 register 44a. In the case 
of NO, it is clarified that the merged data are transmitted to 
the network. At step S25, the header designated by pointer 
0 register 44a is added to the partial data to prepare the 
packet So that the packet is then transmitted to the network. 
The packet may be prepared by adding the header to the 
respective partial data and is transmitted to the network. The 
packet may be prepared by adding the header to a group of 
a plurality of partial data and then transmitted to the net 
work. 

At step S26, it is determined whether the process is 
completed (i.e. whether the total bytes Set in the counter 
register 44e are obtained). In the case of YES, all the partial 
data are written into the memory or are transmitted to the 
network in the form of a packet, thereby completing a Series 
of processes. In the case of NO, the proceSS returns to Step 
S22 and repeats the writing or transmission of the partial 
data cyclically. 
As described above, it becomes possible to obtain the 

designated partial data from the disk apparatus and to 
directly write the partial data in the designated memory or 
directly transmit the packet with the designated header to the 
network. A concrete example is explained by referring to 
FIGS. 13 and 14. 

FIG. 13 shows the operation of storing the data into the 
memory shown in FIG. 12. This operation corresponds to a 
read command issuance and the partial data within the disk 
apparatus are directly written into the regions of the memory 
So that it is merged. The parameters are Set as follows. 

State 
The stride to the memory 
The effective pointer: 3 
Memory, disk apparatus, disk apparatus 

Data Size: S1, S2 
Counter: Send 
When a process corresponding to read command issuance 

is performed in accordance with “state', data Size and 
counter data, the partial data in the disk apparatus are 
directly written into the memory So that they are merged. 
This proceSS is explained in more detail. 

First time: The partial data 1 with data size S1 are obtained 
from the region designated by the pointer 1 in the disk 
apparatus, and are written into the memory designated by 
pointer 0. 

Second time: The partial data 2 with data size S2 are 
obtained from the region designated by the pointer 2 in the 
disk apparatus, and are written into the following region 
designated by the pointer 0 in the memory. 

Third time: The partial data 3 with data size S1 are 
obtained from the following region designated by pointer 1 
in the disk apparatus, and are written into the following 
region designated by the pointer 0 in the memory. 

Fourth time: The partial data 4 with data size S2 are 
obtained is obtained from the following region designated 

15 

25 

35 

40 

45 

50 

55 

60 

65 

16 
by pointer 2 in the disk apparatus, and are written into the 
following region designated by pointer 0 in the memory. 

Fifth time and thereafter: The process repeats the third and 
fourth time operations until the total number of bytes 
reaches the counter “Send'. 
As described above, it becomes possible to obtain the 

divided partial data from the disk apparatus and to directly 
write them into the memory So that they are merged. 

FIG. 14 shows the operation of transmitting data to the 
network in FIG. 12. In response to an issuance of a read 
command, the partial data in the disk apparatus are directly 
transmitted to the network So that they are merged. AS shown 
in FIG. 14: 

State 
The stride to the memory 
The effective pointer: 3 
Network, disk apparatus, disk apparatus 

Data Size: S1, S2 
Counter: Send 

The parameters are Set as given above. 
It becomes clear from the designation of “network, disk 

apparatus, disk apparatus' in “state' that “pointer 0 register, 
pointer 1 register, pointer 2 register respectively designate 
a network, disk apparatus and disk apparatus. 
When the proceSS corresponding to the issuance of the 

read command is performed in accordance with the above 
recited State, data Size and counter data, the partial data in 
the disk apparatus is directly transmitted to the network to be 
merged as shown in FIG. 14. A more detailed description is 
as follows. 

First time: Partial data 1 of the data size S1 are obtained 
from the area of the disk apparatus designated by the pointer 
1 and the header 0 designated by the pointer 0 is added to the 
partial data 1 to form a packet which is to be transmitted to 
the network. 

Second time: The partial data 2 of data Size S2 are 
obtained from the area of the disk apparatus designated by 
the pointer 2, and the header 0 designated by the pointer 0 
is added to the partial data 2 to form the packet which is to 
be transmitted to the network. 

Third time: The partial data 3 of data size S1 are obtained 
from the following area of the disk apparatus designated by 
the pointer 1, and the header 0 designated by the pointer 0 
is added to the partial data 3 to form the packet which is to 
be transmitted to the network. 

Fourth time: The partial data 4 of the data size S2 are 
obtained from the following area of the disk apparatus 
designated by the pointer 2, and the header 0 designated by 
the pointer 0 is added to the partial data 4 to form the packet 
which is to be transmitted to the network. 

Fifth time and thereafter: The operations of the third and 
fourth times are repeated until the total number of bytes 
reaches the counter “Send'. 
As described above, the partial data divided from the disk 

apparatus are obtained and the header is added to the partial 
data to form the packet which is to be directly transmitted 
directly to the network So that the data are merged. The 
packet prepared by adding the header to the respective 
partial data may be transmitted to the network. The partial 
data which are to be obtained at a plurality of timings is 
grouped and the header is added to the grouped partial data 
to form the packet which is to be transmitted to the network. 

FIG. 15 shows a flow chart of storing a group of data in 
a distributed manner. 

In FIG. 15, the step S31 receives a write request. At this 
time, the following parameters are Set. 
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File name: A 
Distribution information 

State 
The stride from a memory or a network 
The number of the effective pointer counted from the 

head 
The destination designated by respective pointers 

Data Size to be set at one timing: S1, S2 . . . 
Counter (the total number of bytes) The parameters are 

almost the same as those for read shown in FIG. 12 
and thus the Similar explanation is abbreviated. 

At step S32, the state register 44d is referred to and it is 
determined whether the write request is issued from the 
memory. In the case of YES, it is determined that the write 
request is issued from the memory and thus at step S33 the 
data are obtained from the memory address designated by 
pointer 0 register 44a and are written into the disk apparatus. 
On the other hand, in the case of NO, it is determined that 
the write request is issued from the network and at step S34 
the data are obtained from the packet and are written into the 
disk apparatus. 
At step S35, it is determined whether the process is 

completed, namely, whether the process of obtaining the 
total number of bytes set in the counter register 44e is 
completed. In the case of YES, all the data are written in the 
disk apparatus in a divided manner and the Series of pro 
cesses is completed. On the other hand, in the case of NO, 
the process returns to Step S32 and the operation of writing 
the next partial data into the disk apparatus is repeated. 
As described above, it becomes possible to obtain the 

partial data with the designated Size from the memory or 
network and to directly and Sequentially write the partial 
data into a plurality of designated areas in the disk apparatus 
in a distributed manner. A concrete example is explained by 
referring to FIGS. 16 and 17. 

FIG. 16 shows the operation of storing the data output 
from the memory as shown in FIG. 15. FIG. 16 shows that 
the data read out from the memory are divided into two 
regions in the disk apparatus for Sequential writing in a 
distributed manner. The parameters are Set as follows. 

State 
The stride from the memory 
The effective pointer: 3 
Memory, disk apparatus, disk apparatus 

Data Size: S1, S2 
Counter: Send 

The parameters are almost the same as those for read shown 
in FIG. 13. 
When the process responsive to the issuance of the write 

command is performed in accordance with the “state' data, 
the data Size and the counter, the data in the memory are 
directly written in two areas of the disk apparatus in a 
distributed manner. This operation is explained more in 
detail as follows. 

First time: The partial data 1 with data size S1 are obtained 
from the memory designated by pointer 0 and are written 
into the area of the disk apparatus which is designated by 
pointer 1. 

Second time: The partial data 2 with data size S2 are 
obtained from the following region of the memory desig 
nated by pointer 0, and are written into the area of the disk 
apparatus which is designated by pointer 2. 

Third time: The partial data 3 with data size S1 are 
obtained from the following area of the memory designated 
by pointer 0, and are written into the following area of the 
disk apparatus which is designated by pointer 1. 

Fourth time: The partial data 4 with data size S2 are 
obtained from the following area of the memory which is 
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designated by pointer 0, and are written into the following 
area of the disk apparatus which is designated by pointer 2. 

Fifth time and thereafter: The operations of the third time 
and fourth times are repeated until the total number of bytes 
reaches the counter “Send'. 
As described above the partial data are obtained from the 

memory and are alternatively written into the different areas 
of the disk apparatus So that the data are distributed. 

FIG. 17 shows the operation of storing the data from the 
network as shown in FIG. 15. FIG. 17 shows that the data 
obtained from the network are divided into two areas of the 
disk apparatus and are Sequentially written thereinto in a 
distributed manner in response to an issuance of the write 
command. The parameters will be set as follows. 

State 
The stride from network 
The effective pointer: 3 
Network, disk apparatus, disk apparatus 

Data Size: S1, S2 
Counter: Send 

It becomes clear from the designation by “network, disk 
apparatus, disk apparatus' in “state' that the pointer 0 
register, pointer 1 register, and pointer 2 register, 
respectively, point to the network, disk apparatus, and disk 
apparatuS. 
As shown in FIG. 17, the data from the network are 

directly written into two areas of the disk apparatus in a 
distributed manner when the process responsive to the 
issuance of the write command is performed in accordance 
with the parameters of State, data size, and the data in the 
counter. This will be explained in more detail. 

First time: When the header information designated by 
pointer 0 accords with the header information of the packet 
received from the network, partial data with data Size S1 are 
obtained from the packet and are written into the area of the 
disk apparatus which is designated by pointer 1. 

Second time: When the header information designated by 
pointer 0 accords with the header information of the packet 
received from the network, the partial data with data Size S2 
are obtained from the packet and are written into the area of 
the disk apparatus which is designated by pointer 2. 

Third time: When the header information designated by 
pointer 0 accords with the header information of the packet 
received from the network, the partial data with data Size S1 
are obtained from the packet and is written into the follow 
ing area of the disk apparatus which is designated by pointer 
1. 

Fourth time: When the header information designated by 
pointer 0 accords with the header information of the packet 
which is received from the network, the partial data with the 
data Size S2 are obtained from the packet and are written into 
the following area of the disk apparatus which is designated 
by pointer 2. 

Fifth time and thereafter: The operations of the third and 
fourth times are repeated until the total number of bytes 
reach the count number “Send'. 
As described above, it becomes possible to obtain the 

partial data from the packet received from the network and 
directly write the partial data into two areas in the disk 
apparatus in a distributed manner. A Single partial data may 
be received from a Single packet from the network and may 
be written into the area of the disk apparatus, or a plurality 
of partial data may be received as a group and may be 
Sequentially written into the area of the disk apparatus. 

FIG. 18 shows the operation of storing the data in three 
areas of the disk apparatus in a distributed manner as shown 
in FIG. 15. FIG. 18 shows that the partial data are obtained 
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from the memory (or network) is directly written into three 
areas of the disk apparatus in a distributed manner. The 
parameters are Set as follows. 

State 
The stride from memory (or network) 
The effective pointer: 4 
Memory (or network), disk apparatus, disk apparatus, 

disk apparatus 
Data Size: S1, S2, S3 
Counter: Send 
When the process responsive to the issuance of the write 

command is performed in accordance with above State, data 
Size and data in the counter, the data from the memory (or 
network) are directly written into three areas of the disk 
apparatus in a distributed manner. The operation shown in 
FIG. 18 is different from that shown in FIG. 17, where the 
partial data are written into two areas of the disk apparatus, 
in that the partial data are cyclically written into the three 
areas of the disk apparatus in FIG. 18. Thus, the detailed 
operation in FIG. 18 is abbreviated. 

The second embodiment of the present invention will be 
explained. The Second embodiment corresponds to the Sec 
ond object of the present invention which resides in execut 
ing disk access without using a Software resource on the side 
of the cell with disk when a computer which is not connected 
to a disk apparatus, namely, a cell without disk, accesses a 
disk apparatus with a cell within a parallel computer System 
through a network. 

FIG. 19 shows a block diagram of an entire construction 
of a parallel computer System according to the Second 
embodiment. In FIG. 19, a cell 50 constituting a parallel 
computer System is connected to a two dimensional torus (T) 
network 52 through routing controller (RTC) 51 and is 
connected to a host computer 55 through a B net 54 and a 
broadcast (B) interface (BIF) 53. BIF53 is further connected 
to S net 56 which is used to detect barrier synchronization 
and a status. 

FIG. 20 shows a block diagram of the detailed structure 
of the cell equipped with disk shown in FIG. 19. In FIG. 19, 
cell 50 includes a processor (SPARC) 60 comprising an 
integer operation unit IU and a floating decimal operation 
unit FPU, main memory 61, cache memory 62, message 
controller (MSC) 63, a disk access structure 64 which is 
unique to the Second embodiment, and a Small computer 
system interface (SCSI) 66 connecting as an interface with 
the disk apparatus 65 and also operating as a disk driver. 
Further, there is a local bus (LBUS) 67 to be used for data 
transfer is provided within the cell. 

FIGS. 21 to 23 show views for explaining the operation 
of the disk access method used in the Second embodiment. 
FIG. 21 explains an acceSS method for writing data in the 
disk apparatus. In FIG. 21, data 70 is transmitted from cell 
50a to the cell 50b with disk through a T net 52 by using a 
later described message for the data I/O as shown 1. Then, 
the message sets up the disk driver 71 provided in the cell 
50b with disk as shown 2) and the data 70 is written into the 
disk apparatus 65 as shown by 3). 

FIG.22 shows a view for explaining the data transferred 
from the disk apparatus 65 to the cell 50a without disk. In 
FIG. 22, when the message (data transfer request) 73 for 
setting up the disk driver 71 in the cell 50b with disk is 
transmitted from the cell 50a without disk to cell 50b with 
disk as shown in 1), the disk driver is set up as shown in 2) 
and data 74 is read from the disk apparatus 65 as shown in 
FIG. 3), and the data is transferred to the cell 50a without 
disk through the T net 52 as shown in 4). 

FIG. 23 shows a view for explaining the way the data 
transferred from the cell without disk is combined with the 
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data stored in the cell with disk on the side of the cell with 
disk through the data Stride operation and is then written into 
the disk apparatus, as in the first embodiment. In FIG. 23, 
data 76 is transferred from the cell 50a without disk to cell 
50b with disk through a route 1), as in FIG. 21, and is set in 
a stride DMA disk access structure 79 as shown in 2). In the 
cell 50b with disk, the data 77 previously stored in the 
memory is set in the stride DMA disk access structure 79 as 
the Synthesizing Subject data Simultaneously with the data 
76 under the control of user task 78 as shown in route 1). The 
disk driver 71 is set up and two data 76 and 77 are combined 
as the disk driver 71 is activated as shown in 3), and are 
written into the disk apparatus 65 as shown in 4). 

FIG. 24 explains the operation of the disk access Structure 
according to the Second embodiment. FIG. 24 provides a 
routing controller 51, and SCSI 66 operating an interface 
with the disk apparatus, which are shown outside the cell 50 
in FIG. 20 and disk access mechanism 64 and local bus 
(LBUS) 67. In FIG. 24, in the interior of the disk access 
mechanism 64 are the command cue 80 for storing the data 
acceSS command provided in the message for data I/O which 
are transmitted for use in a disk access operation from the 
other cells, receive ring buffer (RB) 81 for temporarily 
Storing the data which are transmitted from the other cells 
together with the message for data I/O and are to be written 
in the disk apparatus, and send ring buffer RB 82 for 
temporarily Storing the data to be transferred to the other 
cells. The five words decoder 83, which is provided in the 
routing controller (RTC) 51 to decode the data correspond 
ing to the disk access command Stored in the first five words 
of the data I/O message transmitted from the cell without 
disk. The operation of the five words decoder 83 and 
command cue 80 provided in the disk access structure will 
be described later. 

FIG. 25 shows a flow chart of a process performed in 
response to a disk acceSS request from the user in respective 
cells forming the parallel computer System. When the pro 
ceSS Starts in FIG. 25 and the disk access request is obtained 
from the user at Step S41. This disk access request provides 
an identifier of a file in which the data is Stored, a function 
for the disk acceSS operation, namely, Specification as to 
whether the data are to be read or Stored, and the data Size 
of access data. 

In response to the disk acceSS request, the content of the 
file table is searched by using a file identifier fat step S42. 
The file table stores the cell identifier storing the file and 
physical disk block provided in the disk apparatus in 
response to the file identifier. At step S43, the cell identifier 
determines whether the file is Stored in the disk apparatus in 
the local cell. 
When the disk apparatus is not connected to the local cell 

or the designated file identifier is not stored, even if the disk 
apparatus is connected to the local cell, the message for data 
I/O is assembled to be transmitted to the network to activate 
or set up the disk acceSS mechanism of the cell designated 
by the cell identifier, as shown in step S44. On the other 
hand, when the file is Stored in the disk apparatus of the local 
cell, the data for performing the data access is Set in the 
register in the local cell to activate the disk access Structure 
in step S45. 

FIG. 26 explains the data set in the register in the local cell 
when the designated file is Stored in the disk apparatus of the 
local cell in FIG. 25. In FIG. 26, the data stored in the 
register before the Start up of the disk acceSS mechanism 
include an identifier of the local cell, a function designating 
write or read of the data, the number of bytes designating the 
Size of the access data, a disk block address and for 
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designating the data Storing location in the disk apparatus, a 
memory pointer designating a memory location for Storing 
the read data, for example, and a flag to be set upon 
completion of a data access operation, for example. 

FIGS. 27 and 28 show views for explaining the packet 
format of the data I/O message used in the Second embodi 
ment. FIG. 27 explains the difference in format between the 
message for the data I/O message and other messages. In 
FIG. 27, in case of a message other than the data I/O 
message, the message data, for example, the control data, is 
written after the third address of the packet, the address 
information of an identifier of the destination cell is written 
in the first word and the packet type is stored in the head 0 
byte in the Second Word. The packet type designates an 
ordinary packet when bit 0 is “1” and a data I/O packet when 
bit 0 is “O'” and the bit after bit 1 is reserved. 
When the message is for the data I/O, the data to be used 

for transfer is stored after the fifth word and the words up to 
fourth word are used as the packet header. A function 
designating data read or data write and the number of bytes 
designating the length of the transfer data are Stored after the 
packet type at the Second word. The disk block address is 
Stored as the address designating the data Storage location 
within the disk apparatus is Stored as the third word, and a 
memory pointer designating the address of the memory at 
which the data read from the disk apparatus is to be written 
is stored as the fourth word. 

FIG. 28 shows a format of the data I/O message desig 
nating the Stride process in addition to the access to the disk 
apparatus. In FIG. 28, the byte of the function provided at 
the Second word from the head of the packet designates the 
stride process. The bit 0 of the byte of the function provided 
at the Second word in FIGS. 27 and 28 designates the data 
read proceSS and the bit 1 thereof designates the write 
process. In addition, “1” of the bit 2 designates the stride 
process. For example, the bit after the bit 3 designates a 
reserved area. 
When the stride process is designated by the function 

byte, after the first five words of the data the I/O message are 
used as the packet header. 

The 0 byte of the fifth word designates the stride identifier, 
1 byte thereof the stride number, and 2 and 3 bytes thereof 
designates the Stride size. The Stride identifier is used to 
present the commands to which respective packets belong, 
when a plurality of Stride commands are almost Simulta 
neously issued. The number of Strides represents the number 
of divisions when the data is divided and is equal to a value 
obtained by Subtracting 1 from the effective number of the 
points shown in the first embodiment. The stride size rep 
resents the divided size of data which is sent to or sent from 
an object cell. 

FIG. 29 shows a block diagram of a detailed structure of 
the disk access structure shown in FIG. 24. In FIG. 29, inside 
the disk access structure 64, is the command cue 80 in which 
the ordinary disk access commands are Stored, Stride com 
mand 85 for Storing a disk access command including a 
Stride process, DMA processing 86 for directly performing 
the memory access within the cell, DMA with stride pro 
cessing unit 87 performing a DMA process including a Stride 
process, register (S ptr) 88 for representing an address at 
which the data to be sent next after RB is stored and register 
(Rptr) 89 for representing an address at which the data next 
to the receive RB is stored have been added to the structure 
shown in FIG. 24. 

In FIG. 29, the command cue 80 or stride command cue 
85 stores the content of the disk access command which is 
decoded by the 5 word decoder provided in the routing 
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controller 51 shown in FIG. 24. The contents of command 
cue 80 or stride command cue 85 include the function of the 
second byte from the head of the packet with data size 
designated by the number of bytes, disk block address of the 
third word which are explained by referring to FIGS. 27 and 
28, and in addition, a destination memory address used as a 
memory pointer for the fourth word and control information 
(Info) Such as the transmitting Source cell identifier, and 
further, the stride information, is set in the command 80 or 
Stride command cue 85 when the Stride proceSS is desig 
nated. 
When the disk is accessed, the Size of the acceSS data and 

the disk block address are provided to SCSI66 including the 
disk driver. SPC 69 is not shown in FIG. 24, but the disk 
acceSS Structure provides the address and data Size of the 
block which is the object of an access, to SPC 69, thereby 
starting disk apparatus 65, and the DMA with stride pro 
cessing unit 87 communicates the data with disk apparatus 
85. When the stride process is designated, the stride infor 
mation is provided to the DMA with stride processing unit 
87 in addition to the head address Sptr of the vacant area of 
send SB and the head address Rptr of the vacant area of the 
receive RB. Info 2 includes the stride information, the cell 
identifiers upon data read and the task identifier. 

In the Second embodiment, the Stride information Such as 
the value of the pointer, the State, and the value of the 
counter which are required for Stride processing in the DMA 
with Stride processing unit 87, namely, the content to be 
stored in the controlled register group 44 in FIG.3 in the first 
embodiment, are maintained in the controller of processing 
unit 87 and used for control upon disk access. 

The content of the command cue 80 and stride command 
cue 85 are spatially mapped in a memory of the local cell and 
the content thereof can be set from a CPU of the local cell. 
When the disk access command is set in both the command 
cue 80 and stride command cue 85, the stride command, for 
example, is processed with priority. 

In FIG. 29, the disk block address and the data size are 
stored in a controller of SPC69 and the head address S ptr 
of the vacant area of the send RB is set in the DMA 
with-stride processing unit 87, thereby starting the disk 
driver, when the data read command from the disk which is 
at the head of the command cue 85. When the data is 
transferred to send RB 81, the DMA processing unit 86 is 
assembled into a packet and is transmitted to the network 
through the routing controller 51. When the data is required 
by the local cell, the data is transmitted to the designated 
address of the memory through the local bus (LBUS) 67. 
When the write command designating the data write into 

the disk apparatus is carried out, and the command is the 
head of the command cue 80 or stride command cue 85, the 
disk block address and the data Size are Set in the controller 
of SPC69, the head address Rptr of the vacant area of the 
receive RB82 are set in the DMA with-stride processing unit 
87, the disk driver is started and the data stored in the receive 
82 is transferred to the disk. When the data is written into the 
disk, an ACK message designating completion of the data 
write, for example, is returned to the cell for requesting the 
data write. 

FIG. 30 shows a flow chart of an operation of the 5 word 
decoder 83 provided in the routing controller 51 explained 
by referring to FIG. 24. The 5 word decoder 83 analyzes the 
contents of the packet headers of the 5 words and comprises 
the hardware of logic circuit 1. An operation of the 5 word 
decoder 83 is explained by referring to a flow chart. In FIG. 
30, the step S50 determined whether the packet type bit 0 of 
the 0 byte of the second word in the packet header explained 
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in FIGS. 27 and 28 is on or, namely, “1. In the case of 1, 
the packet is not the data I/O message and the packet is sent 
to the message controller (MXC) 63 for controlling ordinary 
communication. 
When the bit 0 of the 0 byte of the second word in the 

packet header is not 1, the information from the Second 
word to the fourth word of the packet header is transferred 
to the disk access structure in Step S51, and step S52 
determines whether the bit 2 of the function of the 1 byte of 
the second word is '1' or not. When the bit 2 is not “1, the 
Stride proceSS is not designated and thus the proceSS is 
completed. When the bit 21, data necessary for the stride 
process, namely, the content of the fifth word is transferred 
to the disk access Structure in Step S53, thereafter the proceSS 
is completed. 

In FIG. 24, the content of the header 5 word of the packet 
received from the network is decoded by the routing con 
troller 51 and the function, the number of the bytes, disk 
block address and other necessary information are Stored in 
the command cue and the transferred data is written into the 
receive RB81. When the command comes to the head of the 
command cue, the command is executed as described above 
and then the reply is returned to the request Source cell upon 
completing the execution of the command. 
When the data encounters the read command for the data, 

the content is decoded by the 5 word decoder 83 and the 
content of the command is set in the command cue 80. When 
the command comes to the head of the command cue, the 
command is executed and the data is written in the Send 
RB82. When the data write is completed, the packet header 
is attached to the data and the packet is transferred to the 
request source cell. When the volume of data to be trans 
ferred is large, a plurality of packets are used to perform the 
data transfer. 

The Stride process shown in the second embodiment is 
described in detail. FIG. 31 shows a block diagram desig 
nating the detailed structure of the DMA with stride pro 
cessing unit 87 shown in FIG. 29. In FIG. 31, the DMA with 
Stride processing unit 87 comprises Stride DMA processing 
unit 87a and controller (ctr) 87b. Controller 87b receives the 
address Sptr of the next data in the send RB and the storing 
address Rptr of the next data in the receive RB and info 2. 
Info 2 comprises data including the Stride information and 
the Self identifier used upon read. Upon data read, the result 
of the generation of the head to be attached to the packet 
transmitted to the network is transmitted to send RB 82 from 
controller 87b and controller 87b supplies a DMA starting 
Signal for transmitting the packet to the network to the 
DMA. Stride processing unit 87 comprises the DMA struc 
ture for performing the data transfer between the disk 
apparatus and the send RB or the receive RB. DMA pro 
cessing unit 86 comprises the DMA structure for performing 
the data transfer between the send RB or receive RB and the 
network driver. 

FIG. 32 shows a flow chart of a stride process for dividing 
Serial data Stored in the disk apparatus and for transmitting 
a plurality of cells through the network. When the process 
Starts, in Step S61, the read command is accepted by the 
Stride command cue 85. The command, as a parameter, 
designates the cell identifier, the task identifier, the block 
address of the disk, the number of Strides, namely, the 
number of effective pointers in the first embodiment, the 
Stride size, namely, the data Size for one transmission, and 
the total read size, namely, the counter value (total byte 
numbers). Then, at Step S62, these parameters are Set in 
SPC69 and DMA stride processing unit 87 to start SPC 69. 
Steps S61 and S62 are carried out by the stride command cue 
85. 
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At S63, controller 87b in DMA with stride processing unit 

87 creates the head to be added to the packet for respective 
cells. At step S64, controller 87b assigns the head address of 
the memory area for Storing the data for respective cells to 
the head address S ptr of the vacant area in send RB 82. 
FIG.33 shows a view for explaining a memory area to be 

assigned by controller 87b in step S64. For example, the 
head address S ptr1 of the Storing area of the data corre 
sponding to cell 1 is the same as the address S ptr1, and S 
ptr2, Sptr3, ... are designated as the head addresses of the 
area for Storing the data for cells 2, 3, . . . . 

In FIG. 32, at step S65, stride DMA processing unit 87a 
and SPC 69 read the data with the stride size, the data for one 
transmission timing from the disk 65. At step S66, the data 
with the Stride size is transferred to the area designated by 
S ptrN, for example S ptr1. At step S67, the value of N is 
incremented. At step S68, it is determined whether the data 
transfer from the disk is completed. These steps S66 to S68 
are carried out by stride DMA processing unit 87a. 

If the data transfer from the disk is not yet completed, the 
process is repeated Starting with Step S65. Then, the data are 
Successfully Stored in the data transfer area to respective 
cells as shown in FIG. 33. When it is determined that the 
data transfer is completed, the DMA processing unit 86 
starts at step S69 and the transmission of the packet to the 
network is conducted, thereby completing by the process. 
The start of DMA processing unit 86 at step S69 is executed 
by controller 87b as described above. 

FIG. 34 shows an area for storing the data provided in 
receive RB81 in which the data transmitted from a plurality 
of cells through the network is merged and Stored in the disk 
apparatus in accordance with the Stride process. In FIG. 34, 
the Rptr1, Rptr2, Rptr3, . . . of the pointer are designated 
to respective data transmitted from respective cells and 
stored in receive RB81 provided to controller 87b. The 
pointer and the Stride size, for example, are Set in the DMA 
with Stride processing unit 87 when the Stride access com 
mand comes to the head of stride command cue 85, thereby 
Starting the disk. The pointers designating the head of the 
respective areas shown in FIG. 34 and the data with prede 
termined Stride size are Sequentially obtained and written 
into the disk apparatus, thereby Synthesizing the data. 
What is claimed is: 
1. A Secondary Storage apparatus access System in a 

parallel computer System having a plurality of computers 
connected to each other through a network, for merging and 
distributing data between a memory and a Secondary 
Storage, both in one of Said computers, Said Secondary 
Storage apparatus access System in one of Said computers 
comprising: 

Secondary Storage means for Storing partial data compris 
ing Stride object data which is an object of a data 
distribution or data merging operation; 

Stride data Storing position register means for Storing a 
data Storing position pointer for Said Secondary Storage 
means, 

memory means for Storing Said Stride object data into Said 
memory; 

Stride data Storing destination register means for Storing a 
data Storing destination pointer for Said memory means 
or a pointer designating a header of a packet to be 
transmitted to another computer when Stride object data 
is included in the packet; 

partial data Size register means for Storing a data Size of 
the partial data; and 

Stride processing means for transferring the Stride object 
data designated by the data Storing position pointer 



5,875,299 
25 

Stored in Said Stride data Storing position register means 
in accordance with the data Storing destination pointer 
Stored in the Stride data Storing destination register 
from Said Secondary Storage means to Said memory or 
to another computer through the network in a merging 
or distributing manner in response to a data read 
command by using the data Size Stored in the partial 
data Size register means. 

2. The Secondary Storage apparatus access System for use 
in the parallel computer System according to claim 1, 

wherein Said Secondary Storage means comprises a disk 
apparatus, and 

wherein when the stride object data stored in the disk 
apparatus forming the Secondary Storage means is 
distributed in response to read command data, 

Said Stride data Storing position register means Stores a 
head position of an object data Storing area within the 
disk apparatus, 

Said Stride data Storing destination register means Stores a 
plurality of data Storing positions in Said memory 
means for Storing object data in a distributed manner or 
a plurality of pointerS designating a header of a plu 
rality of packets to be sent to another computer, dis 
tributed data being included in one of Said packets, 

Said partial data Size register means Stores the data Size of 
the distributed data; and 

Said Stride processing means distributing data Stored at the 
disk apparatus, Storing data in Said memory or perform 
ing a distribution operation in order for data to be Stored 
in a plurality of packets. 

3. The Secondary Storage apparatus access System for use 
in the parallel computer System according to claim 1, 

wherein Said Secondary Storage means comprises a disk 
apparatus, and 

wherein when the stride object data stored in the disk 
apparatus forming Said Secondary Storage means in a 
distributed manner is read in response to a data read 
command, 
Said Stride data Storing position register means Stores a 

plurality of data Storing positions in the disk appa 
ratus in which the Stride object data is Stored in a 
distributed manner; 

Said Stride data Storing destination Storage means Stores 
head position information of the data Storing area in 
the memory means for Storing data after the distrib 
uted data is merged or Storing a pointer designating 
a head of a packet to be transmitted to another 
computer, the merged data being included in the 
packet; 

Said partial data Size Storage means Stores the size of 
respective distributed data; and 

Said Stride processing means merges the data Stored in the 
disk apparatus in a distributed manner and Stores the 
merged data in the memory means or Stores the merged 
data in the packet to be transmitted to another com 
puter. 

4. The Secondary Storage apparatus access System for use 
in the parallel computer System according to claim 1, 

wherein the Secondary Storage means comprises a disk 
apparatus, and 

wherein when the stride object data is written in the disk 
apparatus in response to a data write command, 
Said data Storing position register means Stores a plu 

rality of data Storing positions in Said Secondary 
Storage means in which the Stride object data are 
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Stored in a distributed manner or a plurality of 
pointerS designating a header of a plurality of pack 
ets in which the distributed data are included; 

Said Stride data Storing destination register means Stores 
a head position information of the data Storing area 
in which the distributed data are merged in a disk 
apparatus and Stored in a disk apparatus, 

Said partial data Size Storage means Stores the size of the 
distributed data; and 

Said Stride processing means merges the distributed 
data Stored in the first data Storage means or a 
plurality of packets to form the data to be Stored in 
the disk apparatus. 

5. The Secondary Storage apparatus access System for use 
in a parallel computer System according to claim 1, wherein: 

Said Secondary data Storage means comprises a disk 
apparatus Storing the Stride object data in a distributed 
manner in response to a data write command; 

Said Stride data Storing position Storage means Stores a 
head position information of the data Storage means in 
a first data Storage means in which the Stride object data 
is Stored or a header of the packets in which the object 
data is included and which is transmitted from another 
computer, 

Said Stride data Storing destination register means Stores a 
plurality of data Storing positions in the disk apparatus 
for Storing the Stride object data in a distributed man 
ner, 

Said partial data Size register means Stores the size of the 
partial data; and 

Said Stride processing means distributes the data Stored in 
the first data storage means or packet transmitted from 
another computer So that the data is Stored in the disk 
apparatuS. 

6. The Secondary Storage apparatus access System for use 
in the parallel computer System according to claim 1, further 
comprising State data Storage means for Storing State data 
including 

data designating that said Stride data Storing position 
register means Stores a storing position of the Stride 
object data in Said Secondary Storage means or a pointer 
designating the packet head, in which the Storing posi 
tion of the Stride object data in Said Secondary Storage 
means or the pointer designating the packet head is 
designated by Said Stride data Storing position register 
means, 

data indicating what Said Stride data Storing destination 
register means designates, said Stride data Storing des 
tination register means holding either the data Storing 
position within the Secondary Storage means or a 
pointer to the the packet header; 

data designating whether Said Secondary Storage means 
and/or an additional data Storage means includes a disk 
apparatus or a memory device when Said Stride data 
Storing position register means Stores the data Storing 
position in the Secondary Storage apparatus and/or Said 
Stride data Storing destination Storage means Stores the 
data Storing position within the additional data Storing 
apparatuS. 

7. A Storage data acceSS System for accessing a disk 
apparatus in a parallel computer System, comprising: 

a first computer provided with a disk apparatus, 
a Second computer not provided with a disk apparatus and 

connected to Said first computer provided with the disk 
apparatus through a network, and 
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disk access means, provided in Said first computer pro 
Vided with Said disk apparatus, for transferring data 
between the first computer provided with the disk 
apparatus and the Second computer not provided with 
the disk apparatus in response to receipt of a data 
transfer data request or a communication message from 
the computer not provided with the disk apparatus, by 
using file identifier information without using Software 
resources provided in the first computer provided with 
the disk apparatus. 

8. The Storage apparatus acceSS System in a parallel 
computer System according to claim 7, wherein 

Said disk apparatus includes a disk driver; and 
Said disk acceSS means Starts the disk driver for the disk 

apparatus in the first computer provided with the disk 
apparatus and writes transfer data at a Suitable address 
of Said disk apparatus in response to receipt of a data 
transfer informing message including the transfer data 
from the second computer not provided with the disk 
apparatuS. 

9. The Storage apparatus acceSS System in a parallel 
computer System according to claim 8, wherein 

Said data transfer informing message comprises a packet 
having a predetermined format. 

10. The Storage apparatus acceSS System in a parallel 
computer System according to claim 7, wherein 

Said first computer having the disk apparatus further 
comprises a DMA with Stride process means provided 
in Said disk access means for dividing a group of data 
into different areas of the disk apparatus or for writing 
a plurality of the data in areas as a group; and 

Said disk access means writes transfer data in the disk 
apparatus in accordance with a stride disk write com 
mand in response to a receipt of data transfer informing 
message including the Stride disk write command and 
the transfer data. 

11. The Storage apparatus acceSS System in a parallel 
computer System according to claim 7, wherein 

Said disk apparatus includes a disk driver; 
Said disk access means Starts the disk driver of the disk 

apparatus provided in a Said first computer in response 
to the receipt of the data transfer request message from 
the Second computer, not provided from the disk 
apparatus, and transferS the data Stored in the disk 
apparatus to the Second computer which is not provided 
in the disk apparatus. 

12. The Storage apparatus acceSS System in a parallel 
computer System according claim 11, wherein 

Said data transfer request message comprises a packet 
having a predetermined format. 

13. A Secondary Storage apparatus acceSS System for use 
in a parallel computer System for connecting a plurality of 
computers to each other through a network, one of Said 
computers comprising: 

disc means for Storing partial data comprising Stride 
object data which is an object of a data distribution 
operation; 

Stride data Storing position register means for Storing a 
data Storing position pointer for Said disc means, 

memory means for Storing Said Stride object data; 
Stride data Storing destination register means for Storing a 

data Storing position provided for Said memory means, 
partial data Size register means for Storing a size of the 

partial data; and 
Stride processing means for transferring the Stride object 

data designated by the data Storing position pointer 
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Stored in Said Stride data Storing position register means 
in accordance with the data Storing destination pointer 
Stored in the Stride data Storing destination register 
means in a distributing manner in response to a data 
read command by using the data Size Stored in the 
partial data Size register means. 

14. A Storage apparatus acceSS System for use in a parallel 
computer System for connecting a plurality of computers to 
each other through a network comprising: 

a first data Storage means for Storing Stride process object 
data which is an object of a data distribution operation; 

a Stride data Storing position Storage means for Storing a 
data Storing position in Said first data Storing means, 

a Second data Storage means for Storing Said Stride object 
data; 

a Stride data Storing destination Storage means for Storing 
a pointer designating a header of a packet to be trans 
mitted to another computer when Stride object data is 
included in the packet; 

a partial data Size Storage means for Storing a size of the 
partial data which is an object of the data distribution 
operation; and 

a Stride processing means for Storing the Stride process 
object data designated by the Storing content in Said 
Stride data Storing position Storage means in accordance 
with the content Stored in the Stride data Storing desti 
nation Storage means in a distributing manner by using 
the data Size Stored in the partial data Size Storage 
CS. 

15. A Storage apparatus acceSS System for use in a parallel 
computer System for connecting a plurality of computers to 
each other through a network comprising: 

a first data Storage means for Storing Stride proceSS object 
data which is an object of a data merging operation; 

a Stride data Storing position Storage means for Storing a 
data Storing position in Said first data Storing means, 

a Second data Storage means for Storing Said Stride object 
data; 

a Stride data Storing destination Storage means for Storing 
a data Storing position in Said Second data Storage 
means, 

a partial data Size Storage means for Storing a size of the 
partial data which is an object of the data merging 
operation; and 

a Stride processing means for Storing the Stride process 
object data designated by the Storing content in Said 
Stride data Storing position Storage means in accordance 
with the content Stored in the Stride data Storing desti 
nation Storage means in a merging manner by using the 
data Size Stored in the partial data Size Storage means. 

16. A Storage apparatus acceSS System for use in a parallel 
computer System for connecting a plurality of computers to 
each other through a network comprising: 

a first data Storage means for Storing Stride process object 
data which is an object of a merging operation; 

a Stride data Storing position Storage means for Storing a 
pointer designating a header of a packet of the object 
data transmitted from another data Storage means, 

a Second data Storage means for Storing Said Stride object 
data; 

a Stride data Storing destination Storage means for Storing 
a data Storing position in Said Second data Storage 
means, 

a partial data Size Storage means for Storing a size of the 
partial data which is an object of the data merging 
operation; and 
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a Stride processing means for Storing the Stride proceSS 
object data designated by the Storing content in Said 
Stride data Storing position Storage means in accordance 
with the content Stored in the Stride data Storing desti 
nation Storage means in a merging manner by using the 
data Size Stored in the partial data Size Storage means. 

17. A method of accessing a storage apparatus in a parallel 
computer System for connecting a plurality of computers to 
each other through a network comprising the Steps of: 

Storing, in a first data Storage means, Stride process object 
data which is an object of a data distribution or data 
merging operation; 

Storing, in a Stride data Storing position, a data Storing 
position in Said first data Storing means or a pointer 
designating a header of a packet of the object data 
transmitted from another data Storage means, 

Storing Said Stride object data in a Second data Storage 
means, 

Storing, in a Stride data Storing destination Storage means, 
a data Storing position in Said Second data Storage 
means or a pointer designating a header of a packet to 
be transmitted to another computer when Stride object 
data is included in the packet; 

Storing, in a partial data Size Storage means, a size of the 
partial data which is an object of the data distribution 
or merging operation; and 

Storing, in a Stride processing means, the Stride proceSS 
object data designated by the Storing content in Said 
Stride data Storing position Storage means in accordance 
with the content Stored in the Stride data Storing desti 
nation Storage means in a merging or distributing 
manner in response to a data read or write command by 
using the data Size Stored in the partial data Size Storage 
CS. 

18. A method of accessing Storage data in a parallel 
computer System, comprising the Steps of: 

providing at least one computer System provided with a 
disk apparatus, 

providing at least one computer System not provided with 
a disk apparatus and connected to Said computer pro 
Vided with the disk apparatus through a network, and 

accessing the disk apparatus in the computer provided 
with the disk apparatus from the computer not provided 
with the disk apparatus in response to receipt of a data 
transfer data request or a communication message from 
the computer not provided with the disk apparatus, 
without using Software resources provided in the com 
puter provided with the disk apparatus. 

19. A data access System for use in a parallel computer 
System including a plurality of computers interconnected 
through a network, one of Said computers comprising: 

a Secondary Storage for Storing partial data comprising 
Stride object data produced by a data distribution or 
data merging operation; 

a Stride data Storing position register for Storing a data 
Storing position pointer for Said Secondary memory; 

a computer memory for Storing Said Stride object data; 
a Stride data Storing destination register for Storing a data 

Storing destination pointer for Said computer memory 
or a pointer designating a header of a packet to be 
transmitted to another computer when Stride object data 
is included in the packet; 

a partial data Size register Storing a data Size of the partial 
data; and 
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a Stride processor for transferring the Stride object data 

designated by the data Storing position pointer in accor 
dance with the data Storing destination pointer from 
Said Secondary memory to Said computer memory in 
response to a read command by using the data Size 
Stored in the partial data Size register. 

20. A data access System for use in a parallel computer 
System including a plurality of computers interconnected 
through a network, one of Said computers comprising: 

a Secondary Storage for Storing partial data comprising 
Stride object data produced by a data distribution or 
data merging operation; 

a Stride data Storing position register for Storing a data 
Storing position pointer for Said Secondary memory; 

a computer memory for Storing Said Stride object data; 
a Stride data Storing destination register for Storing a data 

Storing destination pointer for Said computer memory 
or a pointer designating a header of a packet to be 
transmitted to another computer when Stride object data 
is included in the packet; 

a partial data Size register Storing a data Size of the partial 
data; and 

a Stride processor in response to a data transfer command 
transferring the Stride object data between the Second 
ary Storage and the computer memory. 

21. The data access system of claim 20, 
wherein the data transfer command is a read command 

Signalling transfer of data from a hard disk to the 
computer memory; and 

wherein the Stride processor in response to a read com 
mand transferS data Stored in the Secondary memory to 
the computer memory, performing a distributing opera 
tion on Such data which disperses Such data into a 
computer memory form or into a plurality of packets 
ready for transmission to another computer. 

22. The data access system of claim 20, 
wherein the data transfer command is a write command 

Signaling transfer of data from the computer memory to 
the hard disk, and 

wherein the Stride processor in response to a write com 
mand transferS data Stored in the computer memory 
Stored in a distributed memory form or as a plurality of 
packets to the Secondary memory, performing a merg 
ing operation on Such data to form the data to be Stored 
in the Secondary Storage. 

23. A Secondary Storage apparatus acceSS System for use 
in a parallel computer System for interconnecting a plurality 
of computers to each other through a network, one of Said 
computers comprising: 
memory means for Storing partial data comprising Stride 

object data which is an object of a data distribution or 
data merging operation; 

Stride data Storing position register means for Storing a 
data Storing position pointer for Said memory means or 
a pointer designating a header of a packet of the object 
data transmitted from another computer through the 
network, 

Secondary Storage means for Storing Said Stride object 
data; 

Stride data Storing destination register means for Storing a 
data Storing distinction pointer for Said Secondary Stor 
age means, 

partial data Size register means for Storing a data Size of 
the partial data; and 
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Stride processing means for transferring the Stride object Storage means in a merging or distributing manner in 
data designated by a data Storing position pointer in response to a data write command by using the data Size 
Said Stride data Storing position register means in Stored in the partial data Size register means. 
accordance with the destination pointer Stored in the 
Stride data Storing destination register means from Said 5 
memory or from another computer to Said Secondary k . . . . 


